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i nvention relates to a mxture of 1'S 2R 3S; 1'S,2S,3R and 1'S, 25, 3S;
1'S 2R 3R di astereoners of (E)-3-nethyl-5-(2,2,3-trinmethyl-
cycl opent-3-en-1-yl)pent-4-en-2-o0l, a mxture of 1'R 2S,3R 1’ Ref580/282
1'R 2R 3R, 1'R 2S,3S diastereoners of (E)-3-nethyl-5-(2,2,3-trinethylcycl o-
pent - 3-éen-1-yl)pent-4-en-2-ol and to (1'S, 2S,3R)-(E)-3-nethyl-5-(2, 2, 3-
trimethyl cycl opent-3-en-1-yl)pent-4-en-2-ol, -
(1' R 2S,3R) - (E) - 3-net hyl -5-(2, 2, 3-
tri met hyl cycl operlThé peesehtyihyaetion 4elane® tobh mixture of 1{8,2BBS FH2S, 3R and
manufact ure P8 8881 ROMANNIRsPLroBlt Y of ) ST 18 S BEUARR 1S

related to any’i1 soner

( E) - 3- met hy| cyslquent-Benrl-yopent-4pa-dpbra mixtere of YR)F2ARS 183,238 amdr i ched

in one or bOI'R,ZﬁﬁR}eJ.‘R,‘%'S?QS'?1‘i|§st@f'edﬂléxt§16ie®)-$ SivBbl(2, 3 8-t2 g1 &tlo-
conposi tion contai ning.any i songr méturq 0 éE i}

met hyl - 5- ?2,@‘?@-‘3‘@%365’99?’&751%{33 &a (3'S,4S,3B){la)-8rnethyl-55(%2:8hed in one
or trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol, (1'R,2S,3R)-(E}-3-methyl-5-(2,2,3-

trimethylcyclopent-3-en-1-yl)pent-4-en-2-0l and to a process for the
manufacture of these compounds or mixtures. Further, the invention is
related to any isomer mixture of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-

10 en-l-yl)pent-4-en-2-ol enriched in one or both of the compounds or mixtures,
especially to an odorant composition containing any isomer mixture of (E)-3-
methyl-5-(2,2,3-trimethyleyclopent-3-en-1-yl)pent-4-en-2-ol enriched in one or
both of the above compounds or mixtures, and to the use of any one of the
compounds or mixtures as odorants. Here and hereafter by the term

15 ‘"enriched" it is meant that an excess of one or both of the two compounds or
mixtures mentioned at the beginning is present in an isomer mixture of (E)-
3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol, i.e. a particular
isomer or mixture of isomers is present in an over proportional amount. For
example, a mixture of the 4 diastereomers of (1'S)-(E)-3-methyl-5-(2,2,3-

2 trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol is enriched in the 1'S,2S,3R
isomer if it contains more than 25% of said 1'S,2S,3R isomer.

In spite of numerous studies in the domain of derivatives of
campholenic aldehyde, the prediction of olfactory properties of different
isomers and especially optical isomers remains a difficult challenge. Up to

25 now it is not possible to predict which absolute configuration of carbon atoms
of the five-membered ring and the side chain of such derivatives triggers the
strongest, most substantive and/or natural sandalwood type odour.

East Indian sandalwood oil has been described as being "perhaps one
of the most precious perfumery materials from antiquity down to modern
30 times, and its popularity has shown no signs of waning" (E. Guenther in
"The Essential Oils", D. Van Nostrand Company, Inc., New York, 1952,
Vol. 5. p 173). This oil is widely used in perfumery and would be even more
widely used except for its limited supply and high cost.
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both of the above conpounds or nmixtures, and to the use of any one of the
conpounds or m xtures as odorants. Here and hereafter by the term
"enriched" it is nmeant that an excess of one or both of the two conpounds
or m xtures mantioned at the beginning is esent in an isomer m'xture of
(E)- 3-nethyl- trlrrethylcyclopent 3en1y|)pent 4- en- 2- I.e.
particul ar i sorrer %‘cﬂr RARY JieaTd e nasdheistadsfossyashetic gubstibtes Vphmbmouldalbal

amount . For  exsedpsesamddlivebdrsubstithfes dr 4 agtaidegers of .
(1'S)-(E)-3-nmethyl-5-(2,2,3- trinethyl cycl opent-3-en-1-yl )pent4 en-2-ol is

enriched in the 1'519 2S,3R.1$ r i.f,it. cantai e.than 25 of sai d
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of such deri e it t uraI
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as bei ng peﬁ\%’ﬁ ﬁ%elbﬁfm’t%e ﬁﬂgté‘fife@r&‘? gnd beshnnlegy ellery om

antiqui ty dodh Lampesdskty) Eds., Elsevier Science Publishers, London New York 1991, p
10 298; G. Frater and D. Lamparsky, ibid, p 561).

EP-A-203528 and US-Patent No. 4,696,766 are concerned inter alia with
the compound (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-
ol having the formula

OH ' I

15 particularly with two pairs of enantiomers thereof. The compound has
sandalwood olfactory properties. It was shown that the sandalwood olfactory
properties of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol
depend on its relative configuration (see below). Because of the three
asymmetric centers (*) in the compound of formula I eight optical isomers

20 (four pairs of enantiomers) are expected. By gas-liquid chromatography on a
Carbowax® 20M capillary column or by spinning band distillation the
compound was separated in a lower boiling and a higher boiling component.
Further gas-liquid chromatographic analysis on an ethylene glycol
succinate capillary column resolved each of these two components

%5 confirming the presence of the four diastereomeric pairs of enantiomers.

So, the disclosure refers to two lower boiling pairs of enantiomers, i.e.
1'S*, 2R*,3S* and 1'S*.2S* 3R*, and to two higher boiling ones, i.e. 1'S*,
2R*,3R* and 1'S*,25*,3S*. It was reported, that the two lower boiling pairs of
enantiomers are the organoleptically active compounds possessing a very

30 intense creamy, woody, musky, sandalwood odour and are valuable
ingredients for use in fragrance compositions for its musky and
sandalwood-like qualities. The mixture of these pairs of enantiomers is
reported to be more intense than any of the campholenic aldehyde derivatives
that have been previously reported. But nothing was disclos~— —***——*+1 -
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times, and its popularity has shown no signs of waning" (E Guenther in
"The Essential G 1ls", D. Van Nostrand Conpany, Inc., New York, 1952, Vol.

5. p 173). This oil is widely used in perfunery and woul d be even nore

wi dely used except for its limted supply -@hd high cost.

2 For s a need exjsted for synthetic substitutes which could
be used as s& aé gjangndiomersof thettsypimost interestingpaivgcef vity in

t he anal ysis eﬁhnsmm@swédl'sl"‘l 2RH(3$‘eﬁﬁdl|l S""OZS’I*‘JSR'E"hSlt bﬁtl&éHO&EﬂHeLEtﬁ%rffé&
been t hor oughka revi ewed #1 Fragrance

Chenistry - egéqo&%ré ki 1@%3"%’&#@5 CB?S% F a S’Eceﬁss‘l:f’ﬁeﬁ’%‘l‘me TaWncadeni ¢
Press, New Yan&teridlold agder ph8azamdofEbSheln E’ashmﬂdabanated that the above

5 mentioned lower boiling pairs of enantiomers are not commercially
available.

The four pairs of enantiomers are shown below:

3 > J are
\éﬁ‘\/]/ . \M lower boiling
H CH
1a(1'S,2R,39) 2a(1'R,25,3R)
\6‘\'}\_{ . A lower boiling
OH H
1b(1'S,25,3R) 2b(1'R,2R,39)
NAS \M higher boiling
OH H
1¢(1'S,2S,38) 2¢(1'R,2R,3R)
\éo&)]/ + A higher boiling
H GH
1d(1'S,2R,3R) 2.d(1'R,2S,3S)

As described in EP-A-203528 the mixture of the diastereomers of
10 compound I is prepared in a sequence of steps as outlined below.

\6’\’)\(——. PN PP
x* —_— * T .
o) OH

IT | oI I

The compound II is an «,B-unsaturated ketone which is converted to
the B,y-unsaturated ketone III which then is converted to compound I by
15 reducing the ketone carbonyl to the corresponding alcohol.

- Compound II is prepared from campholenic aldehyde by an aldol
condensation, whereby the campholenic aldeyde is prepared from o-pinene
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and K. Parthasarathi, Perfumer and Flavorist, 9, 17, (1984); G Onloff, Ch.
Fehr in "Perfumes - Art, Science and Technol ogy”, P.M Mueller, D

Lanpar sky, Eds., Elsevier Science Publishers, London, New York 1991, p 298;
G Frater and D. Lanparsky, ibid, p 561). "4~  EP-A-203528 and US-Patent
No. 4,696,766 are concerned inter alia with the conmpound

(E) - 3- et hy| via ¢7pineBe teponisten iy i3 emeoress- well kndwmpenthd azh,-e for havi ng

the formul a %&fnﬂe U(?O?H,é E%{;\riﬁ 5“3% two pairs of enantioners thereof.

The conpound "has*san fdc ory properties. It was shown that the
sandal wood ol factory propertles of

(E)-3-net hyl - (ﬁtv_rasmw frund, thatctheperawledgn of the pHaatory-nneperties abgaekd on

its relative of:ené ISP gl ss]g&fl%@ his %?g}?chkfﬁﬁn nédtemsftﬁﬁe 1§%¥?§%‘r1 rfblg e

of enant | dhe s %‘iv@ ﬁBﬁ“ adettsy BeoTing s Eh A BEEBRY BABE) Car bonax

20M capi | | ar gomplositivroentighsddiinribiegmbas & atlislile likaher(s). tTihls can improve
significantly the quality of the commercialised raw material, offering more
and better odour for the same weight, which is important not only for the
economical but also environmental reasons.

10 In the synthesis of the compound I according to the above described
reaction, the configuration of the campholenic aldehyde starting material
depends on that of c-pinene which fixes the configuration of the C1' atom of
the final product. The configuration of the two other asymmetric carbons of
the compound, located in the side chain, namely C2 and C3, is more difficult

15 to influence but can be discriminated either by rapidly developing
asymmetric synthesis methods or by a relatively easy separation of the
diastereomers. A systematic use of this recognition leads to the isolation of
each single stereoisomer of the eight ones making compound I. So the
organoleptic properties of each of the stereocisomers could be determined.

20 The foregoing is schematically shown in figures 1 and 2. If (1R)-(+)-ct-
pinene is used to produce campholenic aldehyde via pinene epoxide the
product is (S)-(-)-campholenic aldehyde. Using this campholenic aldehyde as
starting material for the production of compound II and then performing
the reaction according to the above description (as shown in figure 1 in the

25 upper part) the four diastereomers 1a, 1b, 1¢c and 1d of compound I are
produced. '

On the other hand, if (1S)-(-)-a-pinene is used to produce campholenic
aldehyde via pinene epoxide the product is (1R)-(+)-campholenic aldehyde.
Using this campholenic aldehyde as starting material for the production of

3 compound II and then performing the reactions according to the above
description (as also shown in figure 1) the other four stereoisomers, né.mely
2a, 2b, 2¢, 2d, of compound I are produced. After the stereoisomers are
separated by flash chromatography to yield 2 pairs of diastereomers these
are further separated by gas chromatography as shown in figure 2. The final

3% reduction of ketone III can be carried out in an asymmetric way (e. g. by
using L-Selectride) yielding preferentially the two first eluted diastereomers,
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conmpound was separated in a | ower boiling and a higher boiling conponent.
Further gas-liquid chromatographic analysis on an ethylene glycol succinate
capillary columm resol ved each of these tw@%conponents confirmng the
presence of the four diastereoneric pairs  of  enantioners. So, the

[ s i il ' f iongrs, i.e. 1'S*,
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stereoisomers by determining its odour threshold.

The odour threshold is a physical property of the composition and is

defined as being "its lowest concentration in air that can be consistently

10 distinguished from pure air" (J.E. Amoore in "Fragrance Chemistry - The
Science of the Sense of Smell", E.T. Theimer, Ed., Academic Press, New
York, N.Y., 1982, p 34). The odour threshold value is expressed in terms of
the weight of odorant per unit volume of air as determined by olfactometry, a
technique known to those skilled in the art and discussed by Amoore. In

15 essence, odour threshold value is the smallest amount of odorant that must
be present in a unit volume of air to be detected, i.e. distinguished from the
air itself.

Details of the procedure and the results are hereafter described and
exemplified.

20 Four diastereomeric couples were synthesized and evaluated as such by
the gas chromatography-sniff technique which allows to smell separately
both of the two diastereomers of each couple. In this way the odour profiles
and GC (gas chromatography) odour thresholds of all the eight optical
isomers of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol

25 were obtained. The results are quantified in figure 2. Unexpectedly only one
isomer out of the two enantiomers of both enantiomeric couples 1'S*,2R* 3S*
and 1'S*,2S* 3R* turned out to be the vector of the strong natural sandalwood
odour, namely 1'S,2S,3R and 1'R,2S,3R. These stereoisomers can each be
obtained in pure form. The odour intensity ratio between these best

30 stereoisomers (1'S,2S,3R) (1'R,2S,3R) is of ~3-5:1. Their odours are by far the
strongest and they are apparently the only ones of the eight constituents of
the mixture that impart to it the natural, warm and lactonic sandalwood
type odour note. This indicates that in this case the shape of the side chain as
defined by the absolute configuration of the C2 and C3 carbons plays a key

% role in the perception of the sandalwood scent and is more important than
that of the asymmetric carbon of the carbocycle.

This Sheet Has Been R,

T



3 odour of the single enantioners of the two nost interesting pairs of
enantionmers, i.e. 1'S*, 2R*,3S* and 1'S*, 2S*,3R*, or .of that of the other
four stereoi sonmers which together constitutes a successful perfumery raw

material sold under the nane of Ebanol. It®shoul d be noted that the above
mentioned |ower Roiling pairs of enantioners are not commercially,
avai | abl e. t%gri%pawes?%m ARG 1B B PIEABH CORIeRH A peterial of

being substantially free from other stereocisomers, preferably having at least
90% optical purity, more preferably having at least 95% optical purity.

Attribution of the absolute configuration of all stereoisomers cited in
5 this paper is based on the GC retention time of diastereoisomeric pairs of
enantiomers described in US-Patent No. 4,696,766 and the knowledge of the
absolute configuration of the starting material. (S)-(-)-campholenic aldehyde
and its (R)-(+)-enantiomer were synthesized according to the known
procedure starting from (1R)-(+) and (1S)-(-)-c-pinene respectively. The

10 pinenes with enantiomeric excess (e. e.) of >98% were provided by Aldrich.
The campholenic aldehyde of Example 2 was obtained from an industrial
quality of (1R)-(+)-c-pinene of e. e. = 43 %. The optical purity of the
enantiomers of campholenic aldehyde was measured with the help of gas
chromatography using an OV-1701/octakis(6-methyl-2,3-dipentyl)-v-

15 cyclodextrin chiral stationary phase and confirmed the e. e. of the pinenes.
Gas chromatography analyses of the reaction products and intermediates
were carried out on a Megabore DB 5 30 m x 0.53 mm column. Optical
rotation measurements were performed on a Perkin-Elmer 241 polarimeter.
The structure of the enantiomerically pure compounds and mixtures of

20 diastereomers described in the examples were proven by their 'H and *C
NMR, IR and mass spectra, identical with those of the corresponding
enantiomeric mixtures described in above mentioned US-Patent No.
4,696,766. All synthesized products are colourless oils.

Example 1.

25 Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
en-2-ol and separation of its stereoisomers

a) Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
yl)pent-3-en-2-one

This compound was obtained as the corresponding enantiomer mixture
30 of Example II-1 of US-Patent No. 4,052,341 starting from 18.0 g of (S)-(-)-
campholenic aldehyde and 52.1 g of butan-2-one and purified by distillation
on a 5 cm Vigreux column. Yield: 15.1 g (62%). The product contained small
amounts of other isomers but was used without further purification in the
next step.
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As described in EP-A-203528 the m xture of the diastereoners of conpound I
is prepared in a sequence of steps as outlined below.  [err] I
The conpound Il is an a[err]-unsaturated ketone which is converted to

b) Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
yl)pent-4-en-2-one

7.0 g of the ketone from Example 1a) was added dropwise, during 30
min. to a stirred solution of 5.9 g of potassium tert-butoxide in 35 ml of
5 dimethyl formamide (DMF) at 10°C. The yellow reaction mixture was stirred
for 5 h at room temperature, then cooled to 0°C, treated rapidly with 25 ml of
20% aqueous acetic acid and extracted with 200 ml of methyl tert-butyl ether.
The extract was washed with 2 x 50 ml of water, dried (MgSO,) and
concentrated in vacuo to give 5.2 g of crude product as slightly yellow oil.

10 Purification by flash chromatography on silica gel using methyl tert-butyl
ether/hexane 1:15 mixture as eluent gave 2.7 g (39 % yield) of (1'S)-(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one. GC purity: 96
%; lodp™= + 51.5° (c 1.03, ethanol).

¢) Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
15 yDpent-4-en-2-ol

A solution of 1.5 g of the §,y-unsaturated ketone of Example 1b) in 10 ml
of absolute ethanol was added dropwise at -5 °C and under hitrogen to 0.3 g of
sodium borohydride suspended in 20 ml of the same solvent. Stirring was
continued for 20 h at r. t. then the reaction mixture was poured on 150 ml of

20 ice-cold 0.1 N hydrochloric acid and extracted with 2 x 100 ml of MTBE. The
extract was washed with 2 x 100 ml of brine, dried (MgSO,) and concentrated
in vacuo to give 1.5 g of 93 % GC pure product (~quantitative yield) as
colourless oil.

d) Separation of sterecisomers of (1'S)-(E)-3-Methy1-5-(2,2,3—trimethy1cyclo-
25 pent-3-en-1-yl)pent-4-en-2-0l

1.5 g of the crude product of the previous step was separated by flash
chromatography on silica gel using methyl tert-butyl ether/hexane 1:5
mixture as eluent. Two fractions of only two constituents each were isolated:

fraction 1 (0.5 g; GC purity: >95 %) contains ~3:2 mixture o_f isomers
30 (1'S,2R,3S) and (1'S,2S,3R);
[alp?? =+24.5° (¢ 1.01, ethanol); odour: sandalwood, dry, green, strong.

fraction 2 (0.25 g; GC purity: >95 %) contains ~1:1 mixture of isomers
(1'S,28,3S) and (1'S,2R,3R);
[oz]D22 =+27° (¢ 0.99, ethanol).; odour: celery, floral, fruity_,__grggp.___ o
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the [err]-unsaturated ketone Il which then is converted to conpound | by
reduci ng the ketone carbonyl to the correspondi ng al cohol . Conpound |
from canphol eni ¢ al dehyde by an al dol condensati on, whereby the
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const1tuents were evaluated by the GC-sniff technique. Odour quahty and
odour thresholds of single molecules are detailed in figure 2.

Example 2.

Preparation of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)-pent-4-en-2-
ol containing ~28% of isomer (1'S,2S,3R)

22 ml of 1 M solution of L-Selectride in tetrahydrofuran (THF) was added
dropwise, under nitrogen, at 0 - 5 °C under stirring into 4.1 g of (E)-3-methyl-
5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one prepared according to
Example 1b from an industrial quality of (S)-campholenic aldehyde (e.e. 43%)
and dissolved in 40 ml of the same solvent. The reaction mixture was left to
warm up to the room temperature and stirring continued for 4 h. 20 ml of
methanol and 200 ml of brine was added successively and the aqueous phase
was extracted with 3 x 200 ml of methyl tert-butyl ether (MTBE). The
combined organic phases were dried (MgSO,), the solvent evaporated ir
vacuo and the residue purified by flash chromatography (MTBE/hexane =
1/4) followed by bulb to bulb distillation at 0.1 Torr. The product (2.8 g; 67%
yield) contained 40, 39, 4.5, and 6.5% of diastereomeric pairs of enantiomers

(I'S*,2R*,35%), (1'S*,25*,3R*), (1’S*,25*,35*) and (1’S*,2R*,3R*) respectively,

the enantiomeric ratio of each pair being I’S/U'R = 71.5 : 28.5; [alp* =+10.5°
(¢ 1.00, ethanol).;

odour: woody, sandalwood, ambery with cedarwood and pine needle aspects,
stronger and finer than Ebanol

Example 3.

Preparation of (1'R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
en-2-ol and separation of the stereoisomers

The following (1'R) enantiomers were prepared starting from (R)-(+)-
campholenic aldehyde in the same way as their (1'S)-analogues from
Example 1:

a) (1'R)-(E)-3-Methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-3-en-2-one
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conposition enriched in the nore valuable isonmer(s). This can inprove
significantly the quality of the comercialised raw naterial, offering nore
and better odour for the sane weight, mhich is i nportant not only for the
econom cal but also environnental reasons.” In the synthesis of the

compound | or t he r.i be ction nfiguratjon of
t he canphol eﬁ?(3 gi‘gﬂf@‘ﬁ‘ Y %-32% g‘F‘ gﬂfgéf&‘?ﬂﬁnﬁﬁ %Ihitypl Hent-4seRhene
whi ch fixes tGE pmity: §61%L; lods-s-52158 (€1.063tedhandl).t he fi nal product The
configuration of the two other asymmetric carbons of the corrpound | ocat ed
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or by a relatjvely easy separation of the diastereoners. éﬂtematlc use
of this recodhitidaparation of steresisomegrstafda’ Pdf(Féechef/hﬁﬂg5é252;, vion ettwydey cbd-

t he ei ght QH%Méﬂg.ﬁqgmanz-oﬁo t he organol eptic properties of each of
the stereoisoners could be determ ned. The foregoing is schematically

shown in figures 1_a 2., If -(+)-a-.. pi.nene i s us o.produce

canphol eni ¢ al deﬂyﬁ@r@eﬁﬂé’i%@%é@éﬁ‘g’fi%gld@ ﬂé%‘? Pﬁ'@d"@gff 0§ DESRARS SER ¢

al dehyde. Usiwgs sbparatadibyoflash chedmetogtephs on silica gel using methyl tert-butyl
ether/hexane 1:5 mixture as eluent. Two fractions of only two constituents
each were isolated:

10 fraction 1 (0.5 g; GC purity: 91 %) contains ~3:2 mixture of isomers
(1'R,2S,3R) and (1'R,2R,3S);
lolp?® =-25.5° (¢ 1.15, ethanol);
odour: creamy, milky, sweet, sandalwood, weaker than that of the
corresponding fraction 1 of Example 1d.

15 fraction 2 (0.32 g; GC purity: >95 %) contains ~1:1 mixture of isomers
(1'R,2R,3R) and (1'R,28S,3S);
[e]p? =-24.5° (¢ 1.01, ethanol);
odour: celery, woody.

More of each isomer could have been isolated from the less pure
20 fractions. Both pure fractions were separated and evaluated. Odour quality
and odour thresholds were determined by the GC-sniff technique as in
Example 1d and presented in figure 2.

Example 4.

This example shows the advantage of the isomers according to the
25 invention in comparison to the state of the art product Ebanol which is a
commercialised isomer mixture of (Ej-3-methy1-5-(2,2,3-trimethylcyclopent-
3-en-1-yl)pent-4-en-2-ol. A fine fragrance was produced containing the
following ingredients.
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starting material for the production of compound Il and then perform ng the
reaction according to the above description (as shown in figure 1 in the
upper part) the four diastereoners la, 1b, _1c and 1d of conpound | are

pr oduced. On the other hand, if (1S)‘1@-‘)-[err]-pi nene is used to
produce canphol eni.c dehyde via pi nene epoxide the prod i
(1R) - (+) - canphol enP'@ " HHIENYde  Usi ng t hi anphol enic 3 y 8
material for the production of conpound Il and then perform ng the
reactions accordi 0911 AlHERyd® QvedetsiaitP10% 5ol a5 PP showpgn figure 1)
the other four stereoisoners, nanely 2a, 2b, 2c, 2d, of conmpound | are
produced. After tAdlydteangbglyooimts are separated by flash cly.4nmat ography to
yield 2 pairs of diastereoners these are further separated by gas

chromat ogr aphy asBsmawha¢etate gure 2. The final reduction ofl.&etone Il can

be carried out ingn retric way (e. g. by using L-Seleciride) yielding
pr ef erenti®l | y thﬁeﬁﬁgf%/%ﬁtla{a uted di astereoners, éé

REPLACENMENT SHEETBerga.mot oil base 8.0
Cardamom oil (Ceylon) 0.2

Cassione (Firmenich), 10% sol. in DPG 0.5
Citronellyll acetate 0.5

10 Coumarin crist. . 0.5
Cyclal C, 10% sol. in DPG | 0.5
Dipropylene glycol 10.6

Ebanol 1.0
Galaxolide, 10% sol. in DEP 20.0

15 Geraniol 0.8
Hedione 21.0
cis-3-Hexenyl salicylate 3.0

Indolene, 10% sol. in DPG _ 0.3

Iso E super ' 4.0

20 cis-Jasmone, 10% sol. in DPG 0.6
Linalool synth. 6.0

Linalyl acetate 4.0
Mandarin oil (reconstitution) ' 5.0
Patchouli oil 2.5

25 Phenylethanol | 45
Stemone 0.3

Vanillin 2.5

1000 g

(DPG = dipropylene glycol; DEP = diethylphtalate)
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or diastereoneric pairs of enantione: la + |b or 2a + 2b. Consequently, if
in the starting material the enantioneric excess is different from 100% t wo
di astereoneric pairs of enantioners la + Ip and 2a + 2b are preferentially
obtained as it is denonstrated in Exanpl € where the isoners

(1's*, 2R+, 3S*) 1 2S* 79% of the, roduct

Sadic ] on. | {1 gur oM tie SERRHER A EbABOLISb R BB B S aRianlead b,
each of the twetimeésbswe(by lweiglet)af thaidR) miksuwedsf(l'S, 2REBS) lod (1'S,28,3RREE)-
odour thresh I |ﬁ?! 3 99 d as
being "its Ig\/\lg% contc)%%’t%r ﬁgﬁ{l&gerg{]&eﬁel &ng conésr?gtog%? IE gL

di sti ngui sheth¢ S@hd@lﬁ@daﬁqﬂah(ﬁﬂ OE itsredmirewns comseryed rans Q}’\@hﬁ’mengthem

Sci ence ofs t%e%%iﬁi’alﬁ%o@@%gécb wgs-EhuI%b@iFfu E? us1r9€?€£%r‘853t}ﬁr Rlucblew
York, NY., 1982, p 34 odour threshold va I'S expressed 1 n terns of
t he wei ght of odorant per unit vol une tﬁ ai r! ﬁz determ ned by ol factonetry,
a techni que known to those skilled in nd di scussed by Anpore. In

A fragrance for a detergent powder or a softener was produced with the
following ingredients and compared with the same fragrance but containing
the isomers of fraction 1 of Example 1d instead of Ebanol.

10 Ingredients . Quantity [g]
Agrumex 5.0
C-12 Aldehyde (MNA) . 0.03
C-11 Aldehyde (iso) 0.07
Allyl cyclohexylpropionate 2.0

15 Anther 1.0
Bergamot oil base 8.0
4-tert-Butylcyclohexyl acetate 10.0
Citronellol 4.0
Dihydromyrcenol 3.0

20 Dipropylene glycol 3.0
Dimethyl benzyl carbinyl acetate 4.0
Ebanol 2.0
Eucalyptus globulus oil (China) 05
Geranyl acetate ' 15

25 Fixolide 7.0
cis-Hexenol 0.3
o-Hexyl-cinnamaldehyde 15.0
B-Ionone 3.0
Iso E super 2.0

30 Isoraldeine 70 7.0
cis-Jasmone 0.1 e
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essence, odour threshold value is the small est anmount of odorant that nust

be present in a unit volune of air to be detected, i.e. distinguished from
the air itself. Details of the procedure and the results are
hereafter described and exenplifi ed. -12=our di ast ereoneric coupl es were

synt hesi zed and eval uated as such by the gas chromatography-sniff technique
which all ows to Eiial separately both of the two diastere fers of each
couple. In this t.he odour profiles and GC (gas chroma raphy) odour

t hreshol ds of al ﬂ%%/‘ﬁgygi ght optical isomers of ¥

(E) - 3-met hyl - 5-( -iyJ met hyl cycl opent - 3-en-1-yl ) pent-4 -2-0l were

obt ai ned. The re%ﬁ%?gﬁzgee quantified in figure 2. Unexpec'pggal y only one

i somer out of thgidmenenanti oners of both enantioneric cogyes 1'S*, 2R, 3S*
and 1' S*, 2S*,3R* turned out to be the vector of the strong natural

sandal wood odour Undeeerartd]l S, 2S, 3R and 1' R, 2S, 3R These si0&§ eoi soners can
each be obtained in pure form The odour intensity ratio between these best
stereoi somers (1Verdd amtatq 1' R 2S,3R) is of -3-5:1. Thei 8.bdours are by
far.the strongesJV agol1 they are apparently the only ones of the eight
constituents of Vverdyl propionate 40

Viridine 10
100.0g
10 Comparing the two fragrances the same effect as in Example 4 was

observed on the humid and dried linen after washing or rinsing cycles.

The systematic chemical names of the trivial names of the individual
components mentioned above are listed in standard works, e.g. Flavour and
Fragrance Materials 1996, Allured Publishing Corporation, Carol Stream,

15 Illinois, U.S.A. or Arctander, Perfume and Flavor Chemicals - 1969,
published by the author, Montclair, New Jersey, U.S.A.
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t-he m xture that inpart to it the natural, warm and | actoni c sandal wood
type odour note. This indicates that in this case the shape of the side
chain as defined by the absolute configuration of the C2 and C3 carbons
plays a key role in the perception of the Bandal wood scent and is nore

I nportant than that of the asymetric carbon of the carbocycle.
REPLACEMENT SHEET Claims 6 The term

“in pure form designates in the present context a nmaterial of being
substantially free fromother stereoisoners, preferably having at | east 90%
optical purity, pAemixteireoflbIS;2RE88;14S,25,3Rasd PS23)p8; t&2RBR ty.

thi < paper 1| o aS BB B I RurBeo Ry BB i it e

2-ol.

5 2. A mixture of 1'R,2S,3R; 1'R,2R,3S and 1'R,2R,3R; 1'R,2S,3S
diastereomers of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-
2-ol.

3. The mixture of claim 1 or 2 in pure form.

4. (1'S,28,3R)-(E)-3-Methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
10 en-2-ol. |

5. (1'R,2S,3R)-(E)-3-Methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
en-2-ol.

6. The compound of claim 4 or 5 in pure form.

7. An isomer mixture of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
15 yl)pent-4-en-2-ol enriched in the mixture of any one of the claims 1 to 3
and/or in at least one of the compounds of claims 4 to 6.

8. A mixture of the compounds of claims 4 to 6.

9. A process for the manufacture of the mixture of any one of the claims
1 to 3 or of the compound of any one of the claims 4 to 6, characterized in that
20 the mixture or the compound is synthetically prepared.

10. A process for the manufacture of the mixture of claim 1 or of this
mixture in pure form comprising using as starting material (1'S)-(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one (formula IIT)
and reducing this to (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-

25 yl)pent-4-en-2-ol.

11. A process for the manufacture of the mixture of claim 2 or of this
mixture in pure form comprising using as starting material (1'R)-(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one (formula III")
and reducing this to (1'R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-

30 ylpent-4-en-2-ol.
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enantioners described in US-Patent No. 4,696,766 and the know edge of the
absol ute configuration of the starting material. (S)-(-)-canpholenic

al dehyde and

its (R -(+)-enantiomer were synthesized according to the known

procedure starting from (1R)-(+) and (1S)-{4)-a-pi nene respectively. The

pi nenes with

enantiomeric excess (e. e.) of >98% were provided by Aldrich.

The canphol eni ¢ dH2dénprreess faxthpmannfaeture of 4heedmipoamdzof dladus oraif this

qual ity of (BinfotndiPipiesosh &m&isﬁﬁsi%gréf%&vﬁ}?@gfﬁlgtﬁigﬁi

L sm) e
d
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this te(1'SE@E)-Dnaethyb5a22, ansintathiyldyadRipehbS-6n-18y)intlden-2-0l,

Pt er o of oo Rishantath 8hlRs HBMUECR € mihifee hfle dhftseoniors TR B8
Optical rot atli'D2S3R amdekSi2S, 30e 16, 2B 3R, rsepdrating the nkixtufd ofthe?241

pol arimeter. dihgesbomelsd &ﬁg%ofa@gleggﬂ?éﬁi%oﬁieﬁig ;i('gaé
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#éRpure conmpounds and
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enant i ric mxtures ed 1 n above nentr '
néiﬁm REIP ABHMBRPIRS NS RENE D a¥areE material (1'R)-(E)-3-

methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one and reducing
this to (1'R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol,
which intermediate product is a mixture of the diastereomers 1'R,2S,3R;
1'R,2R,3S and 1R,2R,3R; 1'R,28,3S, separating the mixture of the '
diastereomers and isolating the isomer 1'R,2S,3R.

14. The process of claim 10 or 12 characterized in that the starting
material (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-
one (formula III') is synthesized from (S)~(-)-campholenic aldehyde (formula
IV') in a manner known per se.

15. The process of claim 11 or 13 characterized in that the starting
material (1R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-
one (formula III") is synthesized from (R)-(+)-campholenic aldehyde
(formula IV") in a manner known per se.

16. The use of the mixture according to any one of the claims 1-3, 7 or 8
or of the compound according to any one of the claims 4 to 6 as odorant.

17. An odorant composition containing any isomer mixture of (E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol enriched in at
least one of the mixtures of claims 1-3,, 7 or 8 and/or at least one of the
compounds of claims 4 to 6.

18. The process according to any one of the claims 10, 12 and 14 or 11, 13
and 15, characterized in that the starting material is present in an
enantiomeric excess.

19. The process according to claim 18, characterized in that the
reduction of the starting material is carried out in an asymmetric way.
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Exanple 1. Preparation of
(1'S)-(BE)-3-nmethyl -5-(2, 2,3-tret hyl cycl opent -3-en-1-yl)pent-4- en-2-ol and
separation of its stereoisoners a) Preparation of
(1'S)-(E)-3-nmethyl-5-(2,2,3-trinethyl cycl opent - 3- en- 1-

yl ) pent - 3- en- 2- one Thi s conpound was obtained as the correspondi ng
enantioner m xture of Exanple I1-1 of US-Patent No. 4,052,341 starting from
18.0 g of (S)-(-)- canphol enic al dehyde and 52.1 g of butan-2-one and
purified by distillation on a 5 cmVigreux colum. Yield: 15.1 g (62% . The
product contained small anmounts of otheppssEers but was used without
further purification in the next step.

The present invention relates to a mixture of 1'S,2R,3S; 1'S,25,3R and
1'S,28,3S; 1'S,2R,3R diastereomers of (E)-3-methyl-5-(2,2,3-trimethyl-

5 cyclopent-3-en-1-yl)pent-4-en-2-o0l, a mixture of 1'R,2S,3R; 1'R,2R,3S and
1'R,2R,3R; 1'R,2S,3S diastereomers of (E)-3-methyl-5-(2,2,3-trimethylcyclo-
pent-3-en-1-yl)pent-4-en-2-ol and to (1'S,2S,3R)-(E)-3-methyl-5-(2,2,3-
trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol, (1'R,2S,3R)-(E)-3-methyl-5-(2,2,3-
trimethylcyclopent—S-en—1-y1)pent—4-en-2-ol and to a process for the

10 manufacture of these compounds or mixtures. Further, the invention is
related to any isomer mixture of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-
en-1-yl)pent-4-en-2-ol enriched in one or both of the compounds or mixtures,
especially to an odorant composition containing any isomer mixture of (¥)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol enriched in one or

15 both of the above compounds or mixtures, and to the use of any one of the
compounds or mixtures as odorants.
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7 b) Preparation of (1'S)-(E)-3-nethyl-5-(2,2,3-trinethylcycl opent- -en-1-
yl ) pent - 4- en- 2- one 7.0 g of the ketone from Exanple | a) was added
dropwi se, during 30 mn. to a stirred solution of 5.9 g of potassium
tert-butoxide in 35 m of dinmethyl formam de (DVMF) at 10[err]C. The yell ow
reaction mxture was stirred for 5 h at roomtenperature, then cooled to
Oferr]C, treated rapidly with 25 m of 20% aqueous acetic acid and
extracted with 200 mM of nethyl tert-butyl ;ether. The extract was washed
with 2 x 50 m of water, dried (N@SC{err])'and concentrated in vacuo to
give 5.2 g of crude product as slightly yeldow oil. Purification by flash
chronmat ography on silica_gel using nethyl tert-butyl ether/hexane 1:15
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yl ) pent - 4- en- 2- ol A solution of 1.5 g of the [err]-unsaturated ketone
“of Exanple 1b) in 10 m of absolute ethanol was added dropwi se at -5 [err]C
and under nitrogen to 0.3 g of sodi um borohydri de suspended in 20 m of the
sanme solvent. Stirring was continued for 20 h at r. t. then the reaction
m xture was poured on 150 ml of ice-cold 0.1 N hydrochlogic acid and
extracted with 2 x 100 nl of MIBE. The eftzact was washe %Mth 2 x 100 m
of brine, dried (MgSO err]) and concentr -ed
GC pure product (-quantitative yield) asd
stereoi somers of (1'S)-(E)-3-Methyl-5-(2,3
pent - 3-en- 1-yl ) pent - 4- en- 2- ol 15@
previ ous step was separated by flash chr
nethyl tert-butyl ether/hexane 1:5 mixtur$
two constituents each were |solated
>95 9% contains -3:2 m xture of

he crude p guct of the

raphy on siglwca gel using
el uent. Twog€ractions of only
ction 1 GC purity:

34

Figure 2

12

Gas clwomalo. on
LAC-AR-880

.0

(m_(..).(:ampholenlc
aldehyde

X
(S)-(-) Campholanic
aldehyde
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(175, 2R 35) and (1'S, 25, 3R); [Lerrl]Dierr] =+24.5[err] (q REPPACEMENT SHEET

et hanol ); odour: sandal wood, dry, green, strong. fractid

GC purlty >95 99 contains -1:1 m xture of isomers (1'S, 4S, SESB and
(1'S, 2R 3R); [[err]]Derr] =+27 (c 0.99, ethanol).; odour: |cdi 8ryAN 1298
roraI fruity, green. 8 More

of each i somer could have been | soI at edaf rom the | ess pure frgctions. Both

succi nat e—CEASHRS
T e B A S L
1'S§,2S,3S; 1'S, 2R 3R d1astereomers of (E)-3-methy1 5-(2,2,3-trimethyl-

cyclopent-3-en-1-yl)pent-4-en-2-ol, a mixture of 1'R,2S,3R; 1'R,2R,3S and
1'R,2R,3R; 1'R,28,3S diastereomers of (E)-3-methyl-5-(2,2,3-trimethylcyclo-
pent-3-en-1-yl)pent-4-en-2-ol and to (1'S,2S,3R)-(E)-3-methyl-5-(2,2,3-
trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol, (1'R,2S,3R)-(E)-3-methyl-5-(2,2,3-
trimethylcyclopent-3-en-1-yl)pent-4-en-2-0l and to a process for the
manufacture of these compounds or mixtures. Further, the invention is
related to any isomer mixture of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-
en-1-yl)pent-4-en-2-ol enriched in one or both of the compounds or mixtures,
especially to an odorant composition containing any isomer mixture of (E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol enriched in one or
both of the above compounds or mixtures, and to the use of any one of the
compounds or mixtures as odorants. Here and hereafter by the term
"enriched” it is meant that an excess of one or both of the two compounds or
mixtures mentioned at the beginning is present in an isomer mixture of (E)-
3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol, i.e. a particular
isomer or mixture of isomers is present in an over proportional amount. For.
example, a mixture of the 4 diastereomers of (1'S)-(E)-3-methyl-5-(2,2,3-
trimethylcyclopent-3-en-1-yl)pent-4-en-2-0l is enriched in the 1'S,2S,3R
isomer if it contains more than 25% of said 1'S,2S,3R isomer.

In spite of numerous studies in the domain of derivatives of
campholenic aldehyde, the prediction of olfactory properties of different
isomers and especially optical isomers remains a difficult challenge. Up to
now it is not possible to predict which absolute configuration of carbon atoms
of the five-membered ring and the side chain of such derivatives triggers the
strongest, most substantive and/or natural sandalwood type odour.

East Indian sandalwood oil has been described as beirq.g "perhaps one
of the most precious perfumery materials from antiquity down to modern
times, and its popularity has shown no signs of waning" (E. Guenther in
“The Essential Oils", D. Van Nostrand Company, Inc., New York, 1952,
Vol. 5. p 173). This oil is widely used in perfumery and would be even more
widely used except for its limited supply and high cost.



REFLALEMEN] ohtn]

" Exanple 2.° Preparation of - )
(E)-3-nmethyl -5-(2,2,3-trinmethyl cycl opent -3-en-1-yl)-pent - 4-en-p- op 9 JAN 1898

cont ai ni ng ~28% of isomer (1'S, 2S, 3R) 22 M of 1 Msolutjoh of

L-Sel ectride in tetrahydrofuran (THF) was added dropw se, undef hitrogen;

at 0 - 5 [err]Cunder stirring info 4.1 of (E)-.3-nethyl - _
5-(2,2,3-trimet @j‘?rc?@MM§ A nep ews%'%r-iw’ghefz%ggsg%{'éWr\@hW
Exanpl e | b dsedrasisandaluaiodi sulbstitatds or 86 ektandeagphol eni ¢ al dehyde (e.e.

43% and dissolved in 40 mMl of the sanme solvent. The reaction m xture was

f . tirgi ti f 4 h. 20
o of et nanol e 308V kBRI of sAREaNebad bIBE RS AR For sThsenb s
phase was eubstitutas his hesn th%r@ggggf énéhvéamd)ébge ng tBné.i}ikee?mia E. (KIIEBFI% The
conbi ned orgagi ﬁgm\gg?.? SLe S n Sfﬁ m&?vagl%r ated in

d tog d hi onat hEXSHReE 1/ 4)
ol Lowed. byEbuisadsmig Hreas.oNem Ketlo N, 1982, Toab7: FuH. Shomberanarayana 6796
yi el d) contaid &l PHithasaradhf Pefsinr 2Ud0Fa¥orixt £9 COTHI1O84 PG g:h?éff, Ch.

(egagil ggker ;él'%r }Sé;%m%) S,A(r%, §Zi’e121§e a%ﬁk )I'eclgnolggy'z,éP'l\iS ugli]er,
D. Lamparsky, Eds., Elsevier Science Publishers, andon, New York 1991, p
298; G. Frater and D. Lamparsky, ibid, p 561).

EP-A-203528 and US-Patent No. 4,696,766 are concerned inter alia with
the compound (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-
ol having the formula

OH I

particularly with two pairs of enantiomers thereof. The compound has
sandalwood olfactory properties. It was shown that the sandalwood olfactory
properties of (E)-S-'inethyl-5-(2,2,3-trimethylcyclopent-3-en-l-yl)pent-4-en-2-ol
depend on its relative configuration (see below). Because of the three
asymmetric centers (*) in the compound of formula I eight optical isomers
(four pairs of enantiomers) are expected. By gas-liquid chromatography on a
Carbowax® 20M capillary column or by spinning band distillation the
compound was separated in a lower boiling and a higher boiling component.
Further gas-liquid chromatographic analysis on an ethylene glycol
succinate capillary column resolved each of these two components
confirming the presence of the four diastereomeric pairs of enantiomers.

So, the disclosure refers to two lower boiling pairs of enantiomers, i.e.
1'S*, 2R*,35* and 1'S*.2S*,3R*, and to two higher boiling ones, i.e. 1'S*,
2R*,3R* and 1'S*,25*3S*. It was reported, that the two lower boiling pairs of
enantiomers are the organoleptically active compounds possessing a very
intense creamy, woody, musky, sandalwood odour and are valuable
ingredients for use in fragrance compositions for its musky and
sandalwood-like qualities. The mixture of these pairs of enantiomers is
reported to be more intense than any of the campholenic aldehyde derivatives
that have been previously reported. But nothing was disclosed either of the
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material sold under the name of Ebanol. It should be noted that the above
mentioned lower boiling pairs of enantiomers are not commercially
available.

The four pairs of enantiomers are shown below:

\é'w . ‘M lower boiling
H oH

1a(1'S.2R.3S) 2a(1'R,2S,3R)
\é’:)\_/ . A lower boiling
oH H
1b(1'8,28,3R) 2b(1'R,2R,3S)
RAS . M higher boiling
Om H
1¢(1'S,2S,3S) 2¢(1'R,2R,3R)
\é&)\f . A higher boiling
H OH
1d(1'S,2R,3R) 2d(1'R,28,3S)

As described in EP-A-203528 the mixture of the diastereomers of
compound I is prepared in a sequence of steps as outlined below.

M f-A\,L / \6/\\)\'(
_, » —. * .
o) 0o OH

II II I

The compound II is an «,B-unsaturated ketone which is converted to
the B,y-unsaturated ketone III which then is converted to compound I by
reducing the ketone carbonyl to the corresponding alcohol.

- Compound II is prepared from campholenic aldehyde by an aldol
condensation, whereby the campholenic aldeyde is prepared from c-pinene
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composition enriched in the more valuable isomer(s). This can improve
significantly the quality of the commercialised raw material, offering more
and better odour for the same weight, which is important not only for the

economical but also environmental reasons.

In the synthesis of the compound I according to the above describe

d

reaction, the configuration of the campholenic aldehyde starting material

depends on that of a-pinene which fixes the configuration of the C1' atom of
the final product. The configuration of the two other asymmetric carbons of
the compound, located in the side chain, namely C2 and C3, is more difficult
to influence but can be discriminated either by rapidly developing
asymmetric synthesis methods or by a relatively easy separation of the
diastereomers. A systematic use of this recognition leads to the isolation of
each single sterecisomer of the eight ones making compound I. So the
organoleptic properties of each of the sterecisomers could be determined.

The foregoing is schematically shown in figures 1 and 2. If (1R)-(+)-c-
pinene is used to produce campholenic aldehyde via pinene epoxide the
product is (S)-(-)-campholenic aldehyde. Using this campholenic aldehyde as
starting material for the production of compound II and then performing
the reaction according to the above description (as shown in figure 1 in the
upper part) the four diastereomers 1a, 1b, 1c and 1d of compound I are
produced.

On the other hand, if (1S)-(-)-0-pinene is used to produce campholenic
aldehyde via pinene epoxide the product is (1R)-(+)-campholenic aldehyde.
Using this campholenic aldehyde as starting material for the production of
compound II and then performing the reactions according to the above
description (as also shown in figure 1) the other four stereoisomers, némely
2a, 2b, 2¢, 2d, of compound I are produced. After the stereoisomers are
separated by flash chromatography to yield 2 pairs of diastereomers these
are further separated by gas chromatography as shown in figure 2. The final
reduction of ketone III can be carried out in an asymmetric way (e. g. by
using L-Selectride) yielding preferentially the two first eluted diastereomers,
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The odour threshold is a physical property of the composition and is
defined as being "its lowest concentration in air that can be consistently
distinguished from pure air" (J.E. Amoore in "Fragrance Chemistry - The
Science of the Sense of Smell", E.T. Theimer, Ed., Academic Press, New
York, N.Y., 1982, p 34). The odour threshold value is expressed in terms of
the weight of odorant per unit volume of air as determined by olfactometry, a
technique known to those skilled in the art and discussed by Amoore. In
essence, odour threshold value is the smallest amount of odorant that must
be present in a unit volume of air to be detected, i.e. distinguished from the
air itself.

Details of the procedure and the results are hereafter described and
exemplified.

Four diastereomeric couples were synthesized and evaluated as such by
the gas chromatography-sniff technique which allows to smell separately
both of the two diastereomers of each couple. In this way the odour profiles
and GC (gas chromatography) odour thresholds of all the eight optical
isomers of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol
were obtained. The results are quantified in figure 2. Unexpectedly only one
isomer out of the two enantiomers of both enantiomeric couples 1'S* 2R*,35*
and 1'S*,2S* 3R* turned out to be the vector of the strong natural sandalwood
odour, namely 1'S,2S,3R and 1'R,2S,3R. These sterecisomers can each be
obtained in pure form. The odour intensity ratio between these best
sterecisomers (1'S,2S,3RY (1'R,2S,3R) is of ~3-5:1. Their odours are by far the
strongest and they are apparently the only ones of the eight constituents of
the mixture that impart to it the natural, warm and lactonic sandalwood
type odour note. This indicates that in this case the shape of the side chain as
defined by the absolute configuration of the C2 and C3 carbons plays a key:
role in the perception of the sandalwood scent and is more important than
that of the asymmetric carbon of the carbocycle.
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Attribution of the absolute configuration of all sterecisomers cited in
this paper is based on the GC retention time of diastereoisomeric pairs of
enantiomers described in US-Patent No. 4,696,766 and the knowledge of the
absolute configuration of the starting material. (S)-(-)-campholenic aldehyde
and its (R)-(+)-enantiomer were synthesized according to the known
procedure starting from (1R)-(+) and (18)-(-)-c-pinene respectively. The
pinenes with enantiomeric excess (e. e.) of >98% were provided by Aldrich.
The campholenic aldehyde of Example 2 was obtained from an industrial
quality of (1R)-(+)-c-pinene of e. e. = 43 %. The optical purity of the
enantiomers of campholenic aldehyde was measured with the help of gas
chromatography using an OV-1701/octakis(6-methyl-2,3-dipentyl)-y-
cyclodextrin chiral stationary phase and confirmed the e. e. of the pinenes.
Gas chromatography analyses of the reaction products and intermediates
were carried out on a Megabore DB 5 30 m x 0.53 mm column. Optical
rotation measurements were performed on a Perkin-Elmer 241 polarimeter.
The structure of the enantiomerically pure compounds and mixtures of
diastereomers described in the examples were proven by their 'H and *C
NMR, IR and mass spectra, identical with those of the corresponding
enantiomeric mixtures described in above mentioned US-Patent No.
4,696,766. All synthesized products are colourless oils.

Example 1.

Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
en-2-ol and separation of its sterecisomers

a) Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
ylpent-3-en-2-one

This compound was obtained as the corresponding enantiomer mixture
of Example II-1 of US-Patent No. 4,052,341 starting from 18.0 g of (S)-(-)-
campholenic aldehyde and 52.1 g of butan-2-one and purified by distillation
on a 5 cm Vigreux column. Yield: 15.1 g (62%). The product contained small
amounts of other isomers but was used without further purification in the
next step.
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for 5 h at room temperature, then cooled to 0°C, treated rapidly with 25 ml of
20% aqueous acetic acid and extracted with 200 ml of methyl fer¢-butyl ether.
The extract was washed with 2 x 50 ml of water, dried (MgSO,) and
concentrated in vacuo to give 5.2 g of crude product as slightly yellow oil.
Purification by flash chromatography on silica gel using methyl tert-butyl
ether/hexane 1:15 mixture as eluent gave 2.7 g (39 % yield) of (1'S)-(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one. GC purity: 96
%; (odp?= + 51.5° (c 1.03, ethanol).

N#QPQ#_OOH
— OS5 O
—
>

¢) Preparation of (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
ylpent-4-en-2-0l

A solution of 1.5 g of the B,y-unsaturated ketone of Example 1b) in 10 ml
of absolute ethanol was added dropwise at -5 °C and under Ritrogen to 0.3 g of
sodium borohydride suspended in 20 ml of the same solvent. Stirring was
continued for 20 h at r. t. then the reaction mixture was pouréd on 150 ml of
ice-cold 0.1 N hydrochloric acid and extracted with 2 x 100 ml of MTBE. The
extract was washed with 2 x 100 ml of brine,-dried (MgSO, and concentrated
in vacuo to give 1.5 g of 93 % GC pure product (~quantitative yield) as
colourless oil.

d) Separation of stereoisomers of (1'S)-(E)-3-Metﬁy1—5-(2,2,3-trimethylcyclo-
pent-3-en-1-yl)pent-4-en-2-ol

1.5 g of the crude product of the previous step was separated by flash
chromatography on silica gel using methyl tenf-butyl ether/hexane 1:5
mixture as eluent. Two fractions of only two constituents each were isolated:

fraction 1 (0.5 g; GC purity: >95 %) contains ~3:2 mixture of isomers
(1'S,2R,3S) and (1'S,2S5,3R);
[o]p?? =+24.5° (¢ 1.01, ethanol); odour: sandalwood, dry, green, strong.

fraction 2 (0.25 g; GC purity: >95 %) contains ~1:1 mixture of isomers
(1'S,2S,3S) and (1'S,2R,3R);
[olp? =+27° (¢ 0.99, ethanol).; odour: celery, floral, fruity, green.
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Exanpl e 5

Both pure fractions were separated by gas chromatography on the ethylene
glycol succinate (LAC-4R-886) 39 m x 0.3 mm glass capillary column. Their
constituents were evaluated by the GC-sniff technique. Odour quality and
odour thresholds of single molecules are detailed in figure 2.

Example 2.

Preparation of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)-pent-4-en-2-
ol containing ~28% of isomer (1'S,2S,3R)

22 ml of 1 M solution of L-Selectride in tetrahydrofuran (THF) was added
dropwise, under nitrogen, at 0 - 5 °C under stirring into 4.1 g of (E)-3-methyl-
5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one prepared according to
Example 1b from an industrial quality of (S)-campholenic aldehyde (e.e. 43%)
and dissolved in 40 ml of the same solvent. The reaction mixture was left to
warm up to the room temperature and stirring continued for 4 h. 20 ml of
methanol and 200 ml of brine was added successively and the aqueous phase
was extracted with 3 x 200 ml of methyl tert-butyl ether (MTBE). The
combined oi'ganic phases were dried (MgSO,), the solvent evaporated in
vacuo and the residue purified by flash chromatography (MTBE/hexane =
1/4) followed by bulb to bulb distillation at 0.1 Torr. The prodlict (2.8g;67%
yield) contained 40, 39, 4.5, and 6.5% of diastereomeric pairs of enantiomers
(1’S*,2R*,35*), (1’'S*,25*,3R*), (1’S*,25*,3S*) and (1’S*,2R*,3R*) respectively,
the enantiomeric ratio of each pair being 1’S/T'R = 71.5.: 28.5; [alp® =+10.5°
(¢ 1.00, ethanol).;
odour: woody, sandalwood, ambery with cedarwood and pine needle aspects,
stronger and finer than Ebanol

Ex le

Preparation of (1R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
en-2-ol and separation of the stereocisomers

The following (1'R) enantiomers were prepared starting from (R)-(+)-
campholenic aldehyde in the same way as their (1'S)-analogues from
Example 1:

a) (1'R)-(E)-3-Methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-3-en-2-one
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1.5 g (nearly quantitative yield) of the crude product of the previous step
was separated by flash chromatography on silica gel using methyl ter¢-butyl
ether/hexane 1:5 mixture as eluent. Two fractions of only two constituents
each were isolated:

fraction 1 (0.5 g; GC purity: 91 %) contains ~3:2 mixture of isomers
(1'R,2S,3R) and (1'R,2R,3S);

(odp22 =-25.5° (¢ 1.15, ethanol);

odour: creamy, milky, sweet, sandalwood, weaker than that of the
corresponding fraction 1 of Example 1d.

fraction 2 (0.32 g; GC purity: >95 %) contains ~1:1 mixture of isomers
(1R,2R,3R) and (1'R,2S,3S);

[alp? =-24.5° (¢ 1.01, ethanol);

odour: celery, woody.

More of each isomer could have been isolated from the less pure
fractions. Both pure fractions were separated and evaluated. Odour quality
and odour thresholds were determined by the GC-sniff technique as in
Example 1d and presented in figure 2.

Example 4.

This example shows the advantage of the isomers according to the
invention in comparison to the state of the art product Ebanol which is a
commercialised isomer mixture of (Ej—3-methy1-5-(2,2,3-trimethy1cyclopent-
3-en-1-yl)pent-4-en-2-ol. A fine fragrance was produced containing the
following ingredients.
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1.0 Rose oxi de
C-11 Aldehyde (undecylenic) 10% sol. in DPG 0.3
Allyl amyl glycolate 04
Benzyl acetate 1.0
Benzyl salicylate 2.0
Bergamot oil base 8.0
Cardamom oil (Ceylon) 0.2
Cassione (Firmenich), 10% sol. in DPG 0.5
Citronellyl acetate 0.5
Coumarin crist. 0.5
Cyclal C, 10% sol. in DPG 0.5
Dipropylene glycol 10.6
Ebanol 1.0
Galaxplide, 10% sol. in DEP 20.0
Geraniol 0.8
Hedione 21.0
cis-3-Hexenyl salicylate 3.0
Indolene, 10% sol. in DPG 0.3
Isoc E super 4.0
cis-Jasmone, 10% sol. in DPG 0.6
Linalool synth. 6.0
Linalyl acetate 4.0
Mandarin oil (reconstitution) 5.0
Patchouli oil 2.5
Phenylethanol 45
Stemone 0.3
Vanillin 2.5
1000 g

(DPG = dipropylene glycol; DEP = diethylphtalate)
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Example 5

A fragrance for a detergent powder or a softener was produced with the
following ingredients and compared with the same fragrance but containing
the isomers of fraction 1 of Example 1d instead of Ebanol.

Ingredients Quantity [g]
Agrumex 5.0
C-12 Aldehyde (MNA) . 0.03
C-11 Aldehyde (iso) 0.07
Allyl cyclohexylpropionate 2.0
Anther 1.0
Bergamot oil base 8.0
4-tert-Butylcyclohexyl acetate 10.0
Citronellol 40
Dihydromjrrcenol 3.0
Dipropylene glycol 3.0
Dimethyl benzyl carbinyl acetate 4.0
Ebanol 2.0
Eucalyptus globulus oil (China) - 0.5
Geranyl acetate 15.
Fixolide ' 7.0
cis-Hexenol 0.3
a-Hexyl-cinnamaldehyde 15.0
B-Ionone 3.0
Iso E super 2.0
Isoraldeine 70 7.0

cis-Jasmone 0.1
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(E)-3-nmethyl -5-(2,2,3-trinethyl cycl opent-3-en-1-yl) pent - 4- enj Y
Raﬁaémamg_

(1'S, 2S5, 3R) - (EﬂI Saybfhyl 5(223tr|nethylcyclopent S(irbl\l pent - 4-
Rose oxide 0.5
Stemone 0.5
Undecavertol 0.5
Verdyl acetate 8.0
Verdyl propionate 4.0
Viridine 1.0
100.0g

Comparing the two fragrances the same effect as in Example 4 was
observed on the humid and dried linen after washing or rinsing cyc_les.

The systematic chemical names of the trivial names of the individual
components mentioned above are listed in standard works, e.g. Flavour and
Fragrance Materials 1996, Allured Publish.ing Corporation, Carol Stream,
Illinois, U.S.A. or Arctander, Perfume and Flavor Chemicals - 1969,
published by the author, Montclair, New Jersey, U.S.A.
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conpound of any AHpdxfire 4fcl'S|2R,88; #'S,26 8R sﬂ&aastzsras;ensjzmnat the m xture

or the co
manuf act ur

Sifetehent B (5L Ul RS ettty et BoREESpb R4

conprisin®-gki ng as starting material (1'S)-(E)-3-

2. A mixture of 1'R,2S,3R; 1'R,2R,3S and 1'R,2R,3R; 1'R,2S,3S
diastereomers of (E)—3-me,i;hzl-5-(2,2,3—trimethy1cyclopent-3-en-1-y1)pent-4-en—
2-0l.

3. The mixture of claim 1 or 2 in pure form.

4. (1'S,28,3R)-(E)-3-Methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-
en-2-ol.

5. (1'R,ZS,3R)-(E)-3-Methy1-5-(2,2,3-trimethy1cyclopent—3-en—1-y1)pent44-
en-2-ol.

6. The compound of claim 4 or 5 in pure form.

7. An isomer mixture of (E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
yl)pent-4-en-2-ol enriched in the mixture of any one of the claims 1 to 3
and/or in at least one of the compounds of claims 4 to 6.

8. A mixture of the compounds of claims 4 to 6.

9. A process for the manufacture of the mixture of any one of the claims
1 to 3 or of the compound of any one of the claims 4 to 6, characterized in that
the mixture or the compound is synthetically prepared.

10. A process for the manufacture of the mixture of claim 1 or of this
mixture in pure form comprising using as starting material (1'S)-(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one (formula III")
and reducing this to (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
yl)pent-4-en-2-ol.

11. A process for the manufacture of the mixture of claim 2 or of this
mixture in pure form comprising using as starting material (1'R)-(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one (formula III")
and reducing this to (1'R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-
yl)pent-4-en-2-ol.



' . FREFLAGENIEND ONED] |
methyl -5-(2, 2;3-tri methyl cycl opent -3-en-1-yl ) pent-4-en-2-one| (formula I11")

“and reducing this to (1'S)-(E)-3-nethyl-5-(2,2,3-trinethyl cycl opgrg - 1A e 1898
yl ) pent - 4-en-2-ol . 11. A process for the nmanufacture of m xture

of claim2 or of this mxture in pure formcorrprisi ng using ps-starting
material (1'R)- éE) 3-
net hyl - 5- (2, 2, 321 Aiprocess foycthggmnufacérnrelomqompm@éoﬁc@@ or STT1 )
and reduci @amzbhﬁdtﬁ ﬁ&rgfdrﬁg)cbﬁlﬂfglﬁé% useng %s%tﬁrﬁﬁ?rﬁh &N@@P@bts.s en- 1-

| ) pent - 4- en- roce nanu re of the
)c/ozrgound omethyl-Ar(2.%8-tsimethyle P%m'f'ﬂﬁﬂ'gﬁl’i’ﬁr?%‘f ﬁ@‘y‘éﬁﬂlﬁg as

starting mghirtodl'SHXEPRS- hE):h)ﬂ-5 (2,2,3- tnmethylcyclopent-3-en— -yl)pent-4-en-2-ol,
which intermediate product is a mixture of the diastereomers 1'S,2R,3S;
1'S,2S,3R and 1'S,28,3S; 1'S,2R,3R, separating the mixture of the
diastereomers and isolating the isomer 1'S,2S,3R.

13. A process for the manufacture of the compound of claim 5 or of this
compound in pure form comprising using as starting material (1R)«(E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-one and reducing
this to (1'R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol,
which intermediate product is a mixture of the diastereomers 1'R,2S,3R;
1R,2R,3S and 1'R,2R,3R; 1'R,2S,38S, separating the mixture of the
diastereomers and isolating the isomer 1'R,2S,3R.

14. The process of claim 10 or 12 characterized in that the starting
material (1'S)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1 -yl)pent-4—en-2-
one (formula III') is synthesized from (S)-(-)-campholenic aldehyde (formula
IV") in a manner known per se.

15. The process of claim 11 or 13 characterized in that the starting
material (1'R)-(E)-3-methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-
one (formula III") is synthesized from (R)-(+)-campholenic aldehyde
(formula IV") in a manner known per se.

16. The use of the mixture according to any one of the claims 1-3, 7 or 8
or of the compound according to any one of the claims 4 to 6 as odorant.

17. An odorant composition containing any isomer mixture of (E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol enriched in at
least one of the mixtures of claims 1-3,, 7 or 8 and/or at least one of the
compounds of claims 4 to 6.

18. The process according to any one of the claims 10, 12 and 14 or 11, 13
and 15, characterized in that the starting material is present in an
enantiomeric excess.

19. The process according to claim 18, characterized in that the
reduction of the starting material is carried out in an asymmetric way.

0 g g



met-hyl -5-(2, 2;3-trinethyl cycl opent - 3-en- 1-yl )pent--4- en- 2-
‘this to
(1'S)-(B)-3-nethyl -5-(2,2,3-trinethyl cycl opent-3-en-1-yl)p

1'S,25 3R and 1'S, 25,3S; 1'S, 2R 3R se@r_atlng the m xture| of THe

di astereoners and isolating the isone Sl A proce
RcOETECks TSQUERA R BERIVATLYRS 0F Calibuoy

t he manuf = 4
conprising using as starting material (1" R -(E)-3-

met hyl -5-(2, 2, 3-trimet hyI cycl opent - 3- w) pent - 4- en- 2- one and reduci ng
this to

(I'R-(B)-3-nethyl-5-(2, 2, 3- trlrrethyl cycl opent - 3-en-1-yl ) pent - 4- en- 2- oI

whi ch i nt d duct f the di
TR OR 36 ana. 1 Tne Rresant invensiom colaths ta 8 CHFEET, o MOl JrS 2R and

d: ast er1 80 mey'S,28,85; IBSJt%t BR@&b&reommt ﬁﬂ(m-zﬁamyl-s-(z ,2 Mmﬂibﬁhﬁt ocess. of
claim or C I e Tl

(1°s). fvﬁépﬁgﬁﬁ 3hsndfleh iR ROrPRES SR AR ARIS and) o
(forrrul a ||14'R;2R RsyrR,aSsas:dmstemms)s of( @anqﬁubyle&@& ﬁdweﬂly@mlml a
V') in a '@g-eﬂﬁi e&&%@ﬁ@-ﬂ and td-01'S DRESRY-GERS-n&thytisaion 31 or 13

characterl Ztgfmetrixy&cyc opent-3s-te1§1-r s f]pent-4-en-2-ol (1'R,2S,3R)~(E)-3-methyl-5-(2,2,3-
trimethylcyclopent-3-en-1-yl)pent-4-en-2-0l and to a process for the
manufacture of these compounds or mixtures. Further, the invention is
related to any isomer mixture of (E)-3-methy1-__5—(2,2,3-ﬁmethy1cyc10pent—3—
en-1-yl)pent-4-en-2-ol enriched in one or both of the compounds or mixtures,
especially to an odorant composition containing any isomer mixture of (E)-3-
methyl-5-(2,2,3-trimethylcyclopent-3-en-1-yl)pent-4-en-2-ol enriched in one or
both of the above compounds or mixtures, and to the use of any one of the
compounds or mixtures as odorants.

FIG. 1
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